



























» APPLICATIONS 


© PATTERN RECOGNITION © IMAGE PROCESSING 








¢ Correlation e Image Enhancement > Ne ane res 

¢ Sobel Transform ¢ Edge Detection =. “yee ie ; a ae 

© Spoke Filter ¢ 2-Dimensional Convolution VE .¥ ae cmt 

® Template Matching ® Compression “4 we paM 

© Automated Inspection © Spatial Filtering - 

® Machine Vision * Differential Imaging : 
® PARALLEL DATA PROCESSING © ASSOCIATIVE PROCESSOR - 

® Convolution © Content Addressable Memory‘. 

@ Matrix Operations e Limit Search ae a. 

® Histogram ® Hamming Distance — 


Search and Sort 





e GENERAL DESCRIPTION 


The NCR45CG72 is a two-dimensional systolic array processor chip. It is a -yash-eopnected six by twalve ‘arrangement of « 
1 bit processor elements. Each processor element can communicate with four neighbors: N,E,S, and W. Each processor 
element is composed of a bit serial ALU, 128 X 1 bit RAM and 4 single bit latches: Three latches hold. inputs to the ALU 
and the fourth latch allows $/O through the cell without interrupting the ALU, i.e. 70 Operations are e overlapped with 


computation. 


6 X 12 elements. 


» FEATURES 


¢ CMOS systolic array with 72 processors per chip 
e 6X 12 array of bit serial processor elements 

@ Single instruction multiple data stream architecture — all processor elements operate i in parallel 
© GAPP devices are fully cascadeable 

@ System throughput increases linearly with number of processor elements in the system: 


® Broadcast gioba! input and output : 
¢ Separate I/O bus = overlapped I/O and computation 
@ 128 Bits of static RAM per processor 

® VLSI double layer metal CMOS technology 


© 500 milliwatts power at 16 MHz 
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s ABSOLUTE MAXIMUM RATINGS ers 
Supply Voltage, Vpp........-.-.000 eee aee +7V Stresses above “absolute maximum ratings” may result | 
Voltage on any pin with respect in damage to the device. Functional operation of devices f 
toground,.........ceceeeee —0.3 to Vpp +0 3V at the “absolute maximum ratings” or above the recom- 

i mended operation conditions stipulated elsewhere in this 
Storage temperature.............. —65°C to 159°C specification is not implied, : 
CAUTION 


. . 
1. CMOS Devices are damaged by high energy electrostatic discharge. Devices must be stored in conductive foam or with 
all pins shunted, Precautions should be taken to avoid application of voltages higher than the maximum rating. 


2. Remove power before insertion or removal! of this device, 


=» OPERATING CHARACTERISTICS 


PARAMETER SYMBOL 
Supply Voltage 


Supply Current {10 pF loads} 
45CG72-2 
45CG72-1 


al 
input High Voltage | Vin 
[oui ow vase igy=#mAT | Vou 
onsenige eos I 
input Capacitance 
eel 
Lael 


Output Capacitance 


Leakage Current on any 
Input or 1/0 Pin 








GAPP devices may not be sold by NCR to the military market and may not be incorporated into equipment for the military market without 
authorization from Martin Marietta Aerospace, Orlando, Florida. “Military Market’ shal) mean the market defined by procurements of 
product made directly or indirectly for the U.S. Department of Defense or any other U.S. Government agency or any foreign governments, 
for use in equipment intended for military application and, technically characterized for such apptication by construction, extreme enviran- 
ment capability, electronic circuit adaptations for specifically designed military equipment, and or being type designated by any legally 
authorized government or joint government-industry body, which can confer such designations, 


NCR has a license from Martin Marietta Aerospace to manufacture and market GAPP devices only for commercial and Industriat applications. ; 


eR rea SSS fe A Sar e-Print SG Sr th he SS PS A 
2 NCR reserves the right to make any changes or discontinue altogether without notice with respect to any hardware or software product or the 
techoleal Gantont hovel, 


ey nant pea ey onde ne vine Cn ena ne cena Oy 


7 


NCR45CG72 





» TIMING DIAGRAM 


tey 
ton te 


f/f \/ ee 


2 < CTRL, ADDR tte. 7 TT yy : 
v= ADH 
™ 7 —, 2 30 
OH 


NOTE: 1,2,3 refer to the staging sequence of instruction, data in and data out. 


» AC CHARACTERISTICS 


Teisok igh ten 100 B80 
OUTPUT HOLD TIME 


10s «I 
| 10 | 
OU [este ss 
GLOBAL OUTPUT LOW teen | 20 | 
ae 
Se 


GLOBAL OUTPUT TRISTATE 
CMN OUTPUT tsw 


NOTE: (1) -d.c. by design; tested at 5 psec. 
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NCR45CG72 | 
= PROCESSOR ELEMENT AND DATA BUS IDENTIFICATION 


Woo 
W1q 
Woq 
Wq 


Wao 


Wea 


CMNoo 


»Noo 


NO 
o 


oO 


oO 


CMSgo9 
Sg 


TOP VIEW OF PACKAGE 
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# 3 2 
s & s 3 Ss 8 
Oo 2 Oo 2, Oo 2 
Eos 
Es 
E GLOBAL 
25 25 CONNECTIONS 
TO EVERY 
35 E35 PROCESSOR 
ELEMENT 
IN THE ARRAY 








Control Lines 
Co-Cco 








RAM Address 
RAg - RAg 







E Global Output 
AS GO 


Egs 


$B3 
Spa 
Spgs 


7 

ee] 
re) 
= 
O 


CMS g4 
CMS ps5 


NOTE: This numbering scheme may be extended in systems which contain more than one GAPP device. 





Woo — Wao 

Eos — Eps 

Noo — Nos 

Spo — Ses 
CMSgo — CMSgs 
CMNoo — CMNos 


RAg — RAg 


Co —Ce 


G 


oO 
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2 = eid aad. 


PIN LABELS 
WEST DATA 8US 
EAST DATA BUS 
NORTH DATA BUS 
SOUTH DATA BUS 
INPUT BUS 
OUTPUT BUS 
RAM ADDRESS BUS 


CONTROL LINES 
— INSTRUCTION BUS 
— GLOBAL DATA INPUT BUS 


GLOBAL OUTPUT LINE 





NCR45CG72 


®# BLOCK DIAGRAM OF CONNECTIONS BETWEEN pee Ma 
FOUR PROCESSOR ELEMENTS 


fone] [Re ime] [ao 





ae 


Bidirectional 


lax /\ \/ Noninverting 7X [\ \/ 
~!/O Buffer 


OE a OE a , 
Nr CNN 
N/S 
= ery ae Os cr at ~~ 
ee eS ee Sa sd ee ae OPEN 


} — DRAIN 
EW ra EW Lis | GLOBAL 
Ae OUTPUT 
| 


{ ok 
1) 72-input , 

| | or gate 

| 


OE = Output Enable is an internal connection. 

East Outputs enabled whenever EW:=W 

West Outputs enabled whenever EW:=E 

North Outputs enabled whenever NS:=S 

South Outputs enabled whenever NS:=N 

GO is pulled low whenever any NS register contains 1 





NCR45CG72 
=" SCHEMATIC DIAGRAM OF ONE PROCESSOR ELEMENT 







CONTROL 
LINES 
MULTI- 
Co PLEXORS 








Cy REGISTERS 





ie 


NS = NS Register 

EW = EW Register 

C = Carry Register 

CM = Communications Register 7 

6 CMS = Communications South Input ©. 
CMN # Communication North Output :. 

' ADDRESS LINES SM = Sum .: 

BW = Borrow 

CY = Carry 

GO = Global Output 





Ag Ay Az Ag Ag Ag 
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| NCR45CG72 
= INSTRUCTION SET . a & 


Register Control Lines Description 
Operation Ca Cg Cg C7 Cg C5 Cy C3 Cp Cy i 


MICRO-NOP 
M LOAD CM FROM RAM 


_ MOVE FROM CMS 


Cc 
INTO CM 
Cc 
A 


LOAD ®INTO CM 


» ARITHMETIC OPERATIONS #® LOGIC OPERATIONS 


LOGICAL m3 
OPERATION DESCRIPTION ‘ CONDITIONS 


«x 


MICRO-NOP 

LOAD NS FROM RAM 
MOVE FROM N INTO NS 
MOVE FROM S INTO NS 
MOVE FROM EW INTO NS 
MOVE FROM C INTO NS 
LOAD @INTO NS 


MICRO-NOP 

LOAD EW FROM RAM 
MOVE FROM E !NTO EW 
MOVE FROM W INTO EW 
MOVE FROM NS INTO EW 
MOVE FROM C INTO EW 
LOAD OINTO EW 


- = =§ Oo Oo of] xX 
- Ooo 7 - GO O;TX 


~=-=-=_8 OC COlxX xxx x* xk x! 
=~oo-300[Kxxx x x x|x 


MICRO-NOP 

LOAD C FROM RAM 
MOVE FROM NS INTOC 
MOVE FROM EW INTO C 
LOAD C FROM CARRY 
LOAD C FROM 8ORROW 
LOAD BINTOC 

LOAD 1 INTO C 


x 
x 
x 
x 
x 
x 
x 
Xx 
Xx 
Xx 
Xx 
x 
x 
x 
x 
18) 
0 
0 
0 
1 

1 

1 

1 


ew Pp OO fF FO OTK KK KKK KL K RK KK KK KK 
-oOoO fF CHP 0207K KK KKK KK KK KK KK! & 





x x KM KM KK KEK KKK KK KK KK KK OK XK 
x «em KK KK KK Lm KR mK RK KK MLK OK KK KK OK 


READ FROM RAM 
LOAD RAM FROM CM 
LOAD RAM FROM C 
LOAD RAM FROM SUM 


- 9 OFX KKK KK KKK KK KK KKK KK KK KM KM 


-~OoO- OK KX KX KK KKK [LK KKK KK KK KM KK KK KI XK 
x KX K LK KK KK KK KK 


x x KX KM IK KKK KKK KIO AP OBR oO BA OTK KKK KM KIC 
x Km mM KIL K KK KK KK KK KKM KKK KOK OF OHS OFX 


x KX KX MLK KK KK KK KK KK KK KX 
x Kx KM 1K KM KK KK KKK KKK KK RK 


x KK MLK KK KK KK XK 


= 
x 





Adder/Subtracter Operations 













INPUT OUTPUT 
EW=0,C=1 
NS ew oc|sm cyY Bw fae Ree ea 
0 o ol|lo oo NS = 0, EW=1 
er ett 8 os 
AND CY =Ewec 
1 1 o | o 1 0 
0 oO 1 1 0 1 CY=NSeC 
; . Bw = NSe ew 
1 0 1 0 1 0 CY = NS + EW 
1 1 1 1 1 i BW = NS + EW 
BW=EW+C 
SM=NS@C 
XOR SM = NS @ EW 
; SM=EW@C 
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« CERAMIC PIN GRID ARRAY PACKAGE 


BOTTOM VIEW 


1.060 + .010SQ 





0.900 REF. 


SOUTH 


4-pin A1 indicator 
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DIA. 


All dimensions are in inches 
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0.080 + 0.008 





SIDE VIEW 


0.150 + 0.010 





NCR45CG72 


« TABLE OF PIN NUMBERS VS. SIGNAL LABELS 
(PLASTIC CHIP CARRIER) 





NC = No Connection 
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NCR45CG72 


# PLASTIC CHIP CARRIER PACKAGE 





1.19 
.. sa. 
1.153 
sa, 
0.045 X 45° 
0.576 CHAMFER 
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32 12 
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CHAMFER 33 7 a 
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a | 
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74 
TOP VIEW PIN 1 
INDICATOR eas 
sa | Ha “CHAM 
(TYP) 
0.018 
(TYP) 
0.028 
0.179 


+I Jess 


| | | | 
paz. DOS6 | : 
am 0.150 
1.120 


SIDE VIEW 
All dimensions are In Inches 








NCR45CG72 
= TABLE OF S 


IGNAL NAMES VS. PIN NUMBERS 


(CERAMIC AND PLASTIC) 


CER PLA SIGNAL PLA a 
PIN PIN NAMES PIN | 
B3 14 Noa‘ K7 60 


SIGNAL 
NAMES 


DEVICES TESTED WITH THIS 
OUTPUT LOAD CONFIGURATION 


DUT 
All outputs 


except GO T 


Global 


e) 
utput (GO) CL = 40pF 


Open drain output on GO allows up to —= 
4 devices to be connected together. 


Tolex: 045-4508 NCHMICHO FTCN Phone: 305/226-9600 303/223-5100 


SIGNAL 
NAMES 





Magy NCR Microplectranics Division 2001 Manfietd Ct, Fort Collins, Colorado 80626 
12 











